The effects of fiber surface oxidization and sizing treatment on both fiber strength distribution and fragmentation behavior in single carbon fiber epoxy composites are investigated experimentally. Based on the above experimental data, the fiber/matrix interfacial properties are discussed. It is found that the effect of fiber surface treatment on the fiber strength distribution is small and that the interfacial shear stress increases when applying fiber surface oxidization and sizing treatment in the carbon fiber/epoxy system used in the present study.
INTRODUCTION
It is well known that the effect of the properties of the fiber/matrix interface on the mechanical properties of fiber reinforced composites is very significant. In order to develop high performance composite materials, it is very important to understand the relation between interface properties and composite macroscale properties. A fragmentation test is often used as a evaluation method of the fiber/matrix interface properties of fiber reinforced composite materials /1 -6/.
In the fragmentation test, single fiber composites are loaded in tension in the fiber direction. During the test, multiple fiber fractures occur and the fiber breaks saturate at high composite strain levels. The interfacial shear stress is evaluated from the average fiber fragment length when the fiber breaks saturate. However, the fragmentation test has two major problems. One of them is that the strain at which the interfacial shear stress is evaluated is much higher than the fracture strain of the unidirectional composite material in the fiber direction.
The other is that only the average fiber strength is used to evaluate the interfacial shear stress, ignoring the statistical fiber strength distribution.
Curtin presented an analysis which can predict the relationship between the fiber break density and the composite strain during the fragmentation test, considering the statistical fiber strength distribution 121.
The interfacial shear stress is assumed to be constant.
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Shinji Ogihara, Department of Mechanical Engineering, Vol. Π, Νos. [2] [3] 2004 In the present study, the statistical fiber strength distribution and the fiber fragmentation behavior during the fragmentation test are evaluated. By using Curtin's analysis, the interfacial shear stress is calculated. The effect of fiber surface treatment on the fiber strength distribution and the interfacial shear stress is also discussed. 
EXPERIMENTAL PROCEDURE

2-1. Single Fiber Tensile Test
Tensile tests are performed on the 8 types of carbon fibers to evaluate the fiber strength distribution. The gage length is 25mm, and an Instron type tensile testing machine is used with a crosshead speed of Imm/min. A single carbon fiber is extracted randomly from the roving and mounted on a Teflon mold. The resin mixed with hardener is poured into the mold to obtain a single fiber reinforced epoxy composites specimen. Two kinds of specimens are used. One is a specimen with a fiber without pre-loading (Figure 2 (a) ). The other is a specimen with a pre-loaded fiber ( Figure 2 (b) ). The fracture strain of UM46 is about 1.10%. In fabricating a specimen with a pre-loaded fiber, 6g weights are applied on the UM46 fiber. This corresponds to 0.69% strain.
2-2. Fragmentation Test
The specimen is 72 mm long, 16 mm wide and 1 mm thick. Figure 1 shows the specimen configuration used in the fragmentation test. A strain gage whose gage length is 2mm is put on a specimen as shown in Fig. 1 . Fragmentation tests are performed using a loading device put on the stage of an optical microscope ( Figure   3 ). The number of fiber breaks is measured at every 0.1 % composite strain. The fiber break density is defined as the number of the fiber breaks per unit specimen length. In addition, the damage around the fiber break is also observed.
RESULTS AND DISCUSSION
(a) Specimen with a fiber without pre-loading (b) Specimen with a pre-loaded fiber Specimen with a pre-loaded fiber.
3-1. Single Fiber Tensile Test
The fiber strength distribution obtained by the tensile test on the carbon fibers is assumed to be Weibull distribution, which is expressed by
where Ρ is failure probability of a fiber with length is L at stress σ. ρ is the shape parameter and σ 0 is the scale Table 2 . It is seen that the effect of the fiber surface oxidization and the sizing treatments on the fiber strength distribution is small. ασ ασ 
3-2. Fragmentation Test
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ασ ασ where b n denotes the Dirac delta function, L* is the total length of the remaining fibers which are able to incorporate other breaks, Ν is the number of fiber breaks in the remaining part. μ(σ, L) is the distribution of the fiber strength.
Predictions of the relationship between the fiber break density and the composite strain using Curtin's analysis are also shown in the figures. In the predictions, the experimental fiber strength distribution is used. The interfacial shear stress is determined from the fit to the experimental results and is listed in Table   2 . The interfacial shear stress is higher in the specimen with oxidation and sizing treatments.
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Vol. 11, Νos. [2] [3] 2004 Fragmentation Analysis of Single-Fiber Carbon Composites An example of microfailure around a fiber during a fragmentation test is shown in Figure 8 . In specimens with high interfacial shear stress, a disk-like crack develops in the radius direction of the fiber. We call this damage Type A in this paper. It is considered that the interfacial strength is also high in these specimens. On the other hand, in specimens with low interfacial shear stress, interfacial debonding occurs. Furthermore, as the stress increases, the interfacial debonding continues to grow, and finally, pulling out of the fiber takes place.
We call this damage Type B. It is considered that the interfacial strength is also low in these specimens.
In the case that the interfacial shear stress is lower than 30 MPa, the observed microfailure is mostly Type B. In the case of high interfacial shear stress, 56 MPa (IMos) the observed microfailure is mostly Type A. The damage type for the different fibers is listed in Table 3 .
The difference in interfacial shear stress is also observed from the microfailure process around fiber breaks. behavior was compared with Curtin's analysis and the interfacial shear stress evaluated. It was found that the interfacial shear stress is higher for the carbon fibers with surface oxidization and sizing treatment.
